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(NU^-N) ,  manganese,  and  orthophosphate  were  monitored  following  isolation  of 

the  water  column  from  air  by  placing  a  4-cm  layer  of  mineral  oil  on  the  sur¬ 
face.  The  constituents  analyzed  were  selected  due  to  their  mobility  under 
anaerobic  conditions,  ease  of  measurement,  and  generally  high  concentrations 
in  contaminated  dredged  material  compared  to  clean  cap  materials. 

Three  capping  materials,  sand,  clay  (New  Haven  Harbor  sediment),  and 
silt  (Vicksburg  silt),  were  evaluated  for  their  efficiency  In  preventing 
transfer  of  contaminants  from  a  contaminated  sediment  into  the  overlying  water 
column  and  biota.  In  the  presence  of  bloturbating  polychaetes  (Nereis  virens) 
at  densities  of  100  lurge  animals  per  square  metre,  a  50-cn  cap  of  any  of  the 
three  materials  tested  in  the  large  chamber  experiments  was  effective  in  pre¬ 
venting  the  transfer  of  chemical  constituents  and  microbial  spores  to  the 
overlying  water  and  nonburrowing  biota.  Chemical  analysis  of  polychaetc  tis¬ 
sue  and  visual  observation  showed  that  the  polychaetes  penetrated  both  the 
5-cm  and  SO-cm  caps  of  all  materials  tested. 

A  5-cm  cap  in  the  presence  of  polychaetes  was  not  completely  effective 
>n  preventing  the  transfer  of  contaminants  and  microbial  spores  in  the  dredged 
material  into  the  overlying  water  and  biota.  However,  a  5-cm  New  Haven  Harbor 
sediment  or  Vicksburg  silt  cap  was  relatively  more  effective  than  a  5-cm  sand 
cap  in  preventing  the  movement  of  polychlorinated  biphenyl  or  polyaromatic 
hydrocarbon  compounds  through  the  cap  and  into  biota  (clams).  These  bloac- 
cumulation  results  were  in  relatively  close  agreement  with  results  obtained  in 

small  reactor  units  for  DO  depletion  and  NH^-N  release.  The  efficiency  of  cap 

materials  in  preventing  DO  depletion  and  NH^-N  releases  attributable  to  the 

capped  dredged  material  was  in  the  order:  New  Haven  sediment  >  Vicksburg  silt 
>  sand.  Cap  materials  with  higher  proportions  of  clay  and  silt  should,  there¬ 
fore,  be  relatively  more  effective  than  cap  materials  consisting  predominately 
of  sand  in  preventing  contaminant  movement  into  the  overlying  water  and  biota. 
However,  a  thick  cap  (SO  cm  or  more)  of  any  of  the  materials  tested  effec¬ 
tively  isolated  the  overlying  water  and  nonburrowing  biota  from  the  contami¬ 
nated  sediment. 
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EFFECTIVENESS  OF  CAPPING  IN  ISOLATING  CONTAMINATED  DREDGED 


MATERIAL  FROM  BIOTA  AND  THE  OVERLYING  WATER 


PART  I :  INTRODUCTION 

Background 

1.  Capping  contaminated  dredged  material  with  uncontaminated  dredged 
material  to  reduce  the  ecological  Impact  of.  the  contaminated  material  and 
rapidly  render  It  harmless  by  physical  means  has  been  utilized  by  the  New 
England  Division  and  the  New  York  District  of  the  US  Army  Corps  of  Engineers 
In  open-water  disposal  sites.  These  field  studies  have  shown  that  capping  Is 
technically  feasible  and  that  the  caps  are  stable  under  normal  tidal  and  wave 
conditions  (O'Conner  and  O'Conner  1983;  Science  Applications,  Inc.  (SAI) 

1982).  However,  the  efficacy  of  capping  in  isolating  contaminants  in  dredged 
material  from  overlying  water  and  from  pelagic  and  benthic  biota  Is  unknown 
(O'Conner  and  O'Conner  1983).  In  the  New  York  Bight,  a  mussel  bloaccumulatlon 
study  at  the  capping  site  Indicated  low  body  burdens  that  could  have  been  due 
to  bloconcentratlon  of  contaminants  from  ambient  yater  as  much  as  from  the 
nearby  sediments  (O'Conner  and  O'Conner  1983).  In  Long  Island  Sound,  mussels 
were  also  suspended  In  the  water  column  at  the  sand-  and  silt-capped  sites  of 
the  Stanford-Norwalk  capping  project.  Concentrations  of  cobalt,  copper,  mer¬ 
cury,  zinc,  and  vanadium  fluctuated  in  the  mussels  over  time,  but  these 
changes  were  thought  to  be  unrelated  to  the  caps  because  there  was  no  Increase 
in  concentration  In  mussels  at  the  capped  site  compared  with  mussels  at 
control  stations  (Morton  and  Kemp  1980).  Based  on  these  and  other  field  study 
results,  bloaccumulatlon  of  contaminants  by  test  organisms  In  the  water  column 
can  result  from  sources  other  than  dredged  material  (Kay  1984).  Therefore, 
determining  the  ability  of  caps  to  Isolate  contaminated  dredged  material  from 
the  water  column  has  proven  to  be  a  difficult  question  to  answer  In  the  field 
(Morton  and  Kemp  1980;  O'Conner  and  O'Conner  1983). 

2.  When  dredged  material  testing  required  under  Public  Law  922-532 
(Ocean  Dumping  Act)  reveals  that  the  potential  for  ecological  harm  exists  from 
disposal  of  dredged  material,  ocean  disposal  of  that  material  may  be  prohib¬ 
ited.  Capping  contaminated  dredged  material  with  clean  dredged  material 
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following  open-water  disposal  nay  be  an  alternative  to  other  disposal  methods, 
such  as  confined  land  disposal.  For  this  option  to  exist  on  other  than  an 
experimental  basis,  the  physical,  chemical,  biol'^glcal,  and  microbial  impacts 
and  benefits  of  capping  must  be  better  understood.  A  prime  concern  Is  the 
efficiency  of  capping  In  isolating  contaminated  dredged  material  from  the 
water  column  and  from  the  biota,  both  pelagic  and  benthic. 

Ob.iectlves 

3.  The  objectives  of  this  study  were  twofold: 

a.  Determine  relative  effectiveness  of  different  cap  materials  in 
Isolating  contaminated  dredged  sediments  from  organisms  and  the 
water  column. 

b.  Identify  the  minimum  thickness  of  sand  and  fine-grained  material 
that  will  Inhibit  sediment-water  Interactions  between  ccntaml- 
nated  dredged  sediment  and  the  overlying  water  column. 

Approach 

4.  The  effectiveness  of  capping  In  chemically  and  biologically  Iso¬ 
lating  contaminated  dredged  material  from  the  overlying  water  column  and  biota 
was  Investigated  using  large-  (250  1)  and  small-  (22.6  1)  scale  laboratory 
reactor  units.  Initial  analyses  of  the  contaminated  dredged  material  and 
three  different  cap  materials  demonstrated  which  chemical  and  microbial  con¬ 
taminants  were  most  appropriate  to  monitor  In  the  studies.  The  ability  of 
various  cap  materials  to  Isolate  contaminated  dredged  material  was  then 
assessed  by  determining  the  movement  of  these  contaminants  Into  the  overlying 
water  column  and  the  biota  In  the  large  reactor  units.  The  depth  of  cap  mate¬ 
rial  needed  to  chemically  Isolate  contaminated  dredged  material  was  evaluated 
In  the  small  reactor  units  by  following  changes  of  dissolved  oxygen  and 
selected  Inorganic  chemical  species  In  the  overlying  water  column. 
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PART  II:  MATERIALS  AND  METHODS 


5.  Contaminated  and  capping  material  samples  were  obtained  from  Black 

Rock  and  New  Haven  Harbors  in  Connecticut,  respectively.  These  sites  were 

selected  because  Black  Rock  sediments  are  highly  contaminated  while  New  Haven 

sediment  was  the  first  material  used  In  the  United  States  to  cap  contaminated 

material  (O'Connor  and  O'Conner  1983).  At  each  of  ten  locations  within  Black 

2 

Rock  Harbor,  sediment  in  the  navigation  channel  was  obtained  using  a  O.l-m 
gravity  box  corer  to  a  depth  of  1.21  m  and  placed  in  a  208-£  steel  barrel. 

Five  208-ii.  barrels  of  New  Haven  Harbor  sediment  were  obtained  at  100~m  inter¬ 
vals  in  the  New  Haven  Reach  using  the  box  corer.  Samples  were  then  trans¬ 
ported  to  the  US  Army  Engineer  Waterways  Experiment  Station  (WES)  within 
3  days  after  collection.  Upon  arrival  at  WES,  contents  of  the  10  barrels  of 
Black  Rock  sediment  and  5  barrels  of  New  Haven  sediment  were  separately  compos¬ 
ited  and  mixed,  then  returned  to  the  barrels  for  storage  at  4°C.  Washed 
masonry  sand  was  obtained  locally  as  was  Vicksburg  silt  for  use  as  capping 
material. 


Large  Reactor  Unit  Experiments 


6.  Laboratory  studies  to  assess  the  medium-term  (40  days)  effectiveness 
of  various  cap  materials  in  Isolating  a  contaminated  sediment  were  conducted 
in  a  controlled  environment  chamber  maintained  at  20”  ±  0.5”C,  using  modified 
250-A  flow-through  reactor  units  (Figure  1)  described  in  detail  by  Gunnison 
et  al.  (1980).  These  chambers  are  121  cm  in  height  and  measure  46  cm  on  a 
side.  Modification  included  sealing  of  sampling  ports  with  Plexiglas,  removal 
of  the  mixing  pump  from  the  system,  and  provision  for  constant  aeration  of  the 
water  column.  With  the  exception  of  the  control  units,  to  which  only  cap 
material  was  added,  enough  Black  Rock  sediment  was  added  to  result  in  a  layer 
17  cm  deep  on  the  bottom  of  each  reactor  unit.  This  sediment  was  then  capped 
with  either  a  thin  (5  cm)  or  thick  (50  cm)  layer  of  cap  material.  Sixty 
litres  of  artificial  seawater  at  15°/oo,  prepared  from  Tri  S™  artificial  sea 
salts,  was  then  added  as  gently  as  possible  to  each  reactor  unit  and  allowed 
to  equilibrate  with  aeration  for  14  days.  A  14-day  equilibration  time  was 
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Figure  1.  Large  reactor  units 

selected  to  allow  Initial  co.npactlon  to  occur  and  material  suspended  during 
water  addition  to  settle.  At  the  end  of  the  equlllbratlon/consolldatlon 
period,  flow-through  of  artificial  seawater  was  Initiated  at  a  rate  of 
1.2  1/hr.  At  this  flow  rate,  50  percent  of  the  overlying  water  was  replaced 
every  36  hr  (Sprague  1969).  The  water  column  In  each  reactor  unit  was  contin¬ 
uously  aerated  to  ensure  a  well-mixed,  aerobic  water  column. 

7.  Clams  {Rccngia  auneata)  were  used  to  determine  If  contaminants  were 
moving  through  the  cap  and  Into  the  water  column.  Polychaetes  (Nereie  virena) 
were  used  to  assess  the  effect  of  capping  on  contaminant  bloaccumulatlon  in 
Infaunal  organisms  and  to  provide  a  source  of  bioturbatlon.  Clams  were  ob¬ 
tained  from  Perdido  Bay,  Florida,  and  polychaetes  from  the  Maine  Balt  Co., 

New  Castle,  Maine.  Fresh  batches  of  animals  were  obtained  prior  to  the  sand. 
New  Haven  Harbor,  and  Vicksburg  silt  capping  experiments.  All  animals  were 
acclimated  to  test  conditions  In  the  laboratory  for  at  least  1  week  prior  to 
being  added  to  the  reactor  units. 
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8.  Clams  and  polychaetes  were  added  to  various  units  as  shown  In 
Table  1  following  4  days  of  flow-through  operation  in  the  reactor  units. 

There  were  three  replicates  of  each  experimental  treatment.  Forty-two  clams 
in  a  basket  were  suspended  in  the  water  column  5  cm  above  the  sediment  surface 
in  each  reactor  unit.  Twenty-one  oolychaetes  (lOO/m^)  were  added  to  each  re¬ 
actor  unit  designated  to  receive  polychaetes.  Concurrent  with  addition  of 
clams  and  polychaetes  to  the  reactor  units,  subsamples  of  these  populations 
were  removed  from  the  holding  tanks  for  initial  tissue  chemical  characteriza¬ 
tion.  Clams  were  immediately  frozen,  then  divided  into  subsamples  for  poly¬ 
chlorinated  biphenyls  (PCB),  polyaromatic  hydrocarbons  (PAH),  and  metals  anal¬ 
ysis;  removed  from  their  shells;  and  then  placed  in  hexar.»-rlnsed  glass  (PCB, 
PAH)  or  acid-  (HCl)  washed  plastic  (metals)  co.;tainera  and  maintained  frozen 
until  analyzed.  To  remove  sediment  and  food  from  their  gut,  polychaetes  were 
first  depurated  for  24  hr  in  water  identical  to  that  in  the  reac  or  units. 

They  were  then  divided  into  subsamples  for  PCB,  PaH,  and  metals  analysis, 
placed  in  appropriate  glass  (PCB,  PAH)  or  plastic  (metals)  containers,  and 
maintained  frozen  until  analyzed.  Polychaetes  in  each  reactor  unit  were  fed 

TU 

2  g  of  ground  TetraMln  once  each  week  during  the  experlme.'.t.  Clams  in  each 
reactor  unit  were  fed  6  g  (wet  weight)  of  green  marine  a.gae  twice  weekly. 
Algae  were  cultured  according  to  methods  described 'in  US  Environmental  Pro¬ 
tection  Agency  (USEPA)  (1978).  Twenty-one  clams  were  removed  from  each  reac¬ 
tor  unit  at  10-  and  40-day  intervals  and  handled  in  the  same  manner  as  de¬ 
scribed  for  initial  clam  samples.  At  the  end  of  40  days,  polychaetes  were 
removed  from  the  sediment,  depurated,  and  prepared  for  analysis  in  the  same 
manner  described  for  initial  polychaete  samples. 

9.  Water  samples  were  obtained  at  the  end  of  40  days  for  subsequent 
chemical  analyses.  Samples  to  be  used  for  PCB  and  PAH  analyses  were  placed  in 
3.8-)l  glass  jars  which  had  been  hexane  washed  and  dried  at  105®C  for  24  hr. 
Samples  for  metal  analyses  were  filtered  through  0.45-um  pore  size  membrane 
filters.  The  first  100  ml  of  filtrate  was  discarded.  The  subsequent  filtrate 
was  acidified  to  pH  1  with  concentrated  HNO^.  Water  samples  were  analyzed  for 
cadmium,  copper,  lead,  and  zinc  using  a  Perkln-Elmer  Model  2100  heated  graph¬ 
ite  atomizer  and  a  Perkin-Eimer  Model  503  atomic  adsorption  spectrophotometer. 
Mercury  was  determined  using  a  Perkin-Elmer  Model  503  afr^-ic  adsorption  unit 
coupled  to  a  Perkin-Elmer  MHS-10  hydride  generator.  Unflltered  water  samples 
were  analyzed  for  total  suspended  solids  using  the  methoa  of  Ballinger  (1979). 
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10.  Water,  tissue,  and  sedlnent  samples  were  analyzed  for  ten  PCB 
isomer  groups:  total  monochloroblphenyls  through  total  decachloroblphenyls. 
Isomer  group  concentrations  were  determined  following  soxhlet  extraction, 
H2S0^  cleanup,  and  quantification  in  an  electron  capture  detector  gas 
chromatograph.  Eighteen  compounds  comprising  the  PAH  family  (Table  2)  were 
ulso  determined  in  water,  sediment,  and  tissue  samples.  Samples  were  ex¬ 
tracted  overnight  with  a  soxhlet  using  benzene: methanol.  The  aromatic  hydro¬ 
carbon  fraction  was  then  separated  using  silica  gel  chromatography,  concen¬ 
trated,  and  subjected  to  capillary  gas  chromatographic  analyses  on  a  Hewlett 
Packard  S840A  gas  chromatograph  equipped  with  a  flame  ionization  detector. 
Individual  compounds  were  quantified  using  analytical  standards  and  an  in¬ 
ternal  standard.  Lipid  concentrations  were  determined  on  each  tissue  sample 
(Food  and  Drug  Administration  (FDA)  1977).  Tissue  and  sediment  samples  were 
analyzed  for  cadmium,  copper,  lead,  zinc,  and  mercury  using  atomic  absorption 
spectroscopy  following  appropriate  sample  digestion  procedures  (Ballinger 
1979). 

11.  Total  organic  carbon  (TOC)  in  sediment  samples  was  determined  by 
dry  combustion  (Allison  1965)'.  Sediment  particle-size  distribution  was  deter¬ 
mined  using  the  method  of  Patrick  (1958). 

Microbiological  Studies 


Sediment  analyses 

12.  Black  Rock  dredged  material  and  capping  materials  were  assayed  for 
(a)  total  viable,  aerobic,  and  heterotrophlc  bacteria;  (b)  total  collform  (TC) 
bacteria;  (c)  fecal  collform  (FC)  bacteria;  (d)  Salmonella  spp.  (Salmonellue) ; 
and  (e)  Cloetridium  perfringena  prior  to  loading  of  the  chambers.  Identifica¬ 
tion  of  Isolates  from  the  fecal  collform  and  salmouella  assays  was  performed 
by  biochemical  testing  as  described  below. 

13.  Total  heterotrophlc  bacteria  were  enumerated  by  Che  pour  plate 
method  on  Standard  Methods  agar  (BBL  Microbiology  Systems,  Cockeysvllle,  Md.) 
incubated  at  2S'*C  for  72  hr.  The  TC  and  FC  bacteria  concentrations  were 
determined  by  the  five-tube  most  probable  number  (MPN)  method  using  lauryl 
sulfate  tryptose  broth  for  the  presumptive  tests.  Confirmations  for  TC  and  FC 
were  conducted  with  brilliant  green  lartos.  oj.x«  ..coth  incubated  at  35  ±  l^C 
and  EC  broth  Incubated  at  45*  ±  O.S*C,  respectively,  as  described  in  Standard 
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Methods  (American  Fablic  Health  Association  1980).  Sediment  concentrations  of 
salnon;llae  were  assessed  by  the  five-tube  MPN  method  using  selenite  cystine 
and  tetrathionate  broths  for  enrichment,  brilliant  green  and  bismuth  sulfite 
agar  plat.'s  for  isolation,  and  triple  sugar  iron  (TSI)  agar  slants  for  primary 
biochemical  screening  (FDA  1978).  All  potentially  positive  isolates  from  EC 
broth  (FC  testing)  and  TSI  slants  (salmonellae)  were  identified  using  API020E 
biochemical  test  strips  (Analytab  Products,  Division  of  Ayerst  Labs,  Plain- 
view,  N.Y.).  Clostridiwn  pevfnngens  was  enumerated  in  the  sediment  by  the 
membrane  filter  (mCP)  method  of  Bisson  and  Cabelli  (1979)  using  the  shake, 
sonication,  and  settling  procedures  previously  developed  and  evaluated  for 
marine  sediment  (Emerson  and  Cabelli  1982;  Emerson  1982).  Representative  wet 
weight  sediment  aliquots  were  diluted  serially  with  0.01  M  phosphate-buffered 
saline  for  all  assays  except  the  mCP.  A  0.1-percent  peptone  water  diluent  was 
used  in  the  mCP  testing  using  the  supernatant  from  each  sediment  suspension, 
following  a  10-min  settling  period,  as  the  initial  dilution. 

Wa>er  analyses 

14.  Water  samples  from  each  previously  described  large  reactor  unit 
were  also  monitored  for  viable  Clostridium  perfringens  spore  densities  using 
the  mCP  method  of  Bisson  and  Cabelli  (1979).  One-tenth  percent  peptone  water 
was  used  as  the  buffer  solution,  and  incubation  of  mCP  plates  was  at  44”  ± 
0.5®C  for  18  to  20  hr.  Water  samples  were  assayed  2  hr  before  adding  clams 
and  polychaetes,  and  6,  15,  28,  37,  and  41  days  after  addition  of  these 
organisms. 


Small  Reactor  Unit  Experiments 

15.  Tlie  ability  of  capping  material  to  chemically  seal  contaminated 
dredged  sediment  containing  relatively  mobile  and  oxygen-demanding  constitu¬ 
ents  from  the  overlying  water  was  determined  in  22.6-1,  cylindrical,  Plexiglas 
leaching  columns  (Figure  2) .  The  design  and  sediment  loading  arrangement  of 
an  individual  column  is  shown  in  Figure  2.  Sand,  silt,  and  clay  capping  mate¬ 
rials  were  evaluated;  caps  of  these  materials  ranging  from  2  to  28  cm  in  depth 
were  used.  These  experiments  were  conducted  in  a  controlled  environment  cham¬ 
ber'  where  the  temperature  was  regulated  at  20*  ±  0.5®C. 

16.  The  overlying  water  (15-percent  salinity)  in  all  small  columns  was 
aerated  for  3  days  by  slowly  bubbling  air  through  the  water.  This  ensured 
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Figure  2.  Small  rector  units 

that  dissolved  oxygen  (DO)  concentration  for  all  units  was  relatively  uniform 
(±0.5  mg/t)  at  the  start  of  the  experiment.  At  the  end  of  3  days,  the  aera¬ 
tion  apparatus  was  removed  and  a  layer  of  mineral  oil  (4  cm)  added  to  seal  the 
surface  of  the  water  column  from  the  atmosphere.  Water  samples  were  taken 
Initially  and  at  regular  Intervals  for  21  days  or  until  the  measured  DO  con¬ 
centration  was  depleted.  The  overlying  water  was  manually  mixed  dally  without 
disturbing  the  sediment  with  a  Plexiglas  stirring  plunger  that  was  suspended 
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between  the  sediment  and  the  mineral  oil  layer.  Stirring  was  conducted  to 
prevent  establishment  of  concentration  g.'adlents  in  the  4ater  column  and  to 
ensure  a  well-mixed  water  column.  >11  experiments  were  conducted  in 
triplicate. 

>7.  Dissolved  oxygen  was  measured  in  samples  collected  by  permitting 
water  to  flow  gently  from  a  tube  attached  to  the  reactor  unit  sampling  port 
into  a  standard  biochemical  oxygen  demand  (BOD)  bottle.  Dissolved  oxygen  was 
determined  with  the  azide  modification  of  the  Winkler  method  as  described  In 
Standard  Methods  (APHA  1980). 

18.  Samples  to  be  analyzed  for  ammonium  nitrogen,  orthophosphate,  and 
manganese,  relatively  mobile  compounds  that  are  released  under  anaerobic  con¬ 
ditions,  were  cleared  of  particulate  matter  by  passage  through  a  0.43-um  mem¬ 
brane  filter  under  a  nitrogen  atmosphere.  Manganese  samples  were  preserved  by 
acidification  to  pH  1  with  concentrated  HCl.  Manganese  concentrations  were 
determined  using  direct  flame  aspiration  with  a  Perkln-Elmer  Model  306  atomic 
absorption  spectrophotometer.  Samples  for  ammonium  nitrogen  and  orthophos¬ 
phate  analyses  were  preserved  by  acidification  with  concentrated  HCl  to  pH  2 
and  immediate  freezing  and  storage  at  -4*C.  Ammonium  nitrogen  and  orthophos¬ 
phate  concentrations  were  determined  using  a  Technlcon  Autoanalyzer  II,  in 
accordance  with  recommended  procedures  (Ballinger  1979). 

Analysis  of  Results 

19.  Means  and  standard  errors  were  determined  for  each  parameter  within 
a  treatment.  To  determine  the  statistical  significance  of  differences  between 
means,  t-tests  were  conducted.  Statements  of  significance  made  in  the  text 
refer  to  the  5-percent  level  (p  <  0.05)  or  less. 
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PART  III;  RESULTS 


Sediment  Chemical  Characterization 


20.  Sediment  from  Black  Rock  had  a  higher  concentration  of  heavy  metals 
than  the  three  capping  materials  (Table  3).  For  example,  copper  concentrations 
In  Black  Rock  sediment  exceeded  those  In  the  three  capping  materials  by  at 
least  an  order  of  magnitude.  Black  Rock  sediments  were  also  higher  In  total 
organic  carbon  (TOC),  containing  8.2  percent  carbon  compared  to  3.1  percent  TOC 
In  the  New  Haven  sediment,  which  had  the  highest  level  of  this  constituent 
ameng  the  capping  materials.  As  also  shorn  In  Table  3,  the  cap  materials 
ranged  from  100  percent  sand  to  material  consisting  of  over  80  percent  silt. 

21.  Black  Rock  sediments  contained  much  higher  levels  of  PAH  compounds 
than  did  any  of  the  cap  materials  (Table  4).  PAH  compounds  were  not  detected 
In  the  sand  and  Vicksburg  silt  cap  materials.  Only  the  New  Raven  cap  mate¬ 
rials  contained  detectable  levels  of  PAH. 

22.  Sediment  from  Black  Rock  was  more  contaminated  with  PCBs  than  any 
of  the  cap  materials  (Table  5) .  Total  PCB  concentration  In  Black  Rock  sedi¬ 
ment  was  17.63  ug/g  dry  weight  compared  to  1.02  ug/g  dry  weight  in  New  Haven 
cap  material,  which  was  next  highest  In  PCB  concentration.  Total  hexachloro- 
blphenyl  constituted  the  largest  fraction  (40.3  percent)  of  PCB  in  Black  Rock 
sediments.  In  contrast,  total  dlchloroblphenyls  comprised  the  largest  frac¬ 
tion  (71.6  percent)  of  PCB  In  the  New  Haven  cap  material. 

Large  Reactor  Unit  Experiments 

Contaminant  release  and  uptake 

23.  Concentration  values  for  selected  contaminants  were  determined  In 
the  water  column  and  In  clams  and  polychaetes  to  assess  the  ability  of  5  and 
50  cm  of  cap  material  to  Isolate  a  contaminated  dredged  material.  The  clams 
and  polychaetes  did  not  suffer  excessive  mortality  In  the  reactor  units; 

95  fo'cent  or  more  of  the  animals  added  Initially  to  the  experimental  units 
survived  In  good  condition  until  sampled  and  used  for  tissue  analyses. 

24.  Water  colusm.  Heavy  metal  (Table  6)  and  PCB  Isomer  group  concen¬ 
trations  (Table  7)  In  the  water  column  above  capped  sediments  did  not  gener¬ 
ally  differ  from  their  respective  concentrations  In  control  (sand.  New  Haven, 
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and  sllc)  unit  water  columns.  Some  water  samples  were  lost  during  shipping, 
but  this  did  not  seriously  Impact  upon  the  analyses  of  results.  Water  column 
metals  data  are  unavailable  for  the  Vicksburg  silt  cap  treatment  because  of 
sample  loss  during  shipping.  Inflow  water  concentrations  were  measured  on 
single  samples  raken  concurrently  with  other  water  samples  and  therefore  . ave 
no  associated  error  term.  Total  trichlorobiphenyls  (Isomer  Group  No.  3  in 
Table  7),  however,  were  statistically  higher  (p  <  0.05)  In  water  overlying 
.sediment  capped  with  50  cm  of  sand  and  could  possibly  be  higher  In  the  5-cm 
cap  units  (Table  7),  although  the  single  surviving  5-cm  water  sample  did  not 
allow  statistical  comparison.  Water  column  data  for  PCds  In  the  sand  cap  ex¬ 
periment  ar.  Incomplete  due  to  sample  container  breakage  during  shipping. 
Examination  of  the  PCB  concentrations  In  the  Inflow  water  (Table  7)  reveals 
that  PCB  concentrations  varied  somewhat  during  the  course  of  the  experiment. 
Mos*'  marked  changes  were  confined,  however,  to  PCB  compounds  containing  from 
one  to  four  chlorine  atoms. 

25.  Replicate  samples  for  PAHs  In  the  water  column  were  composited  to 
obtain  lower  detection  limits  by  increasing  the  volume  of  water  available  for 
extraction  for  use  In  the  analyses.  Even  using  these  techniques,  which  gave 
detection  limits  of  1  ng/t,  water  column  PAH  concentrations  were  very  low. 

Data  for  water  column  PAH  concentrations  In  the  New  Haven  and  Vicksburg  silt 
treatments  are  summarized  in  Table  8.  Because  of  the  low  concentrations  en¬ 
countered,  only  data  for  total  PAHs  are  given.  Data  for  the  sand  cap  experi¬ 
ments  were  below  detection  limits  (1  ng/£).  However,  many  of  the  samples  were 
broken  during  shipping,  and  this  prevented  compositing  of  the  full  13.2  I  of 
water  for  each  treatment.  There  was  no  apparent  enhancement  of  water  column 
PAH  concentrations  compared  to  controls  in  any  of  the  treatments,  including 
uncapped  Black  Rock  sediment. 

26.  Clams .  All  tissue  concentrations  of  PCB  and  PAH  have  been  nor¬ 
malized  to  organism  lipid  concentration.  This  was  necessary  since  organisms 
obtained  at  differing  times  during  the  year  can  exhibit  wide  variations  in 
lipid  concentration.  Lipid  concentration  can  significantly  affect  the  bioac¬ 
cumulation  of  hydrophobic  organic  compounds  in  organisms  (Schneider  1982; 

Stout  1980;  Geyer  et  al.  1982).  Lipld-normalizeJ  concentrations  can  be  con¬ 
verted  to  a  whole  body  basis  by  dividing  the  lipid  normalized  concentration  by 
100,  then  multiplying  by  percent  lipids.  Average  percent  lipids  for  each 
treatment,  cap  material,  and  organism  can  be  found  In  Appendix  Table  AI. 


13 


Heavy  metal,  PCB,  and  PAH  concentrations  determined  in  organisms  prior  to  ex¬ 
posure  (time  zero)  are  presented  In  Table  A2. 

27.  Heavy  metals.  Heavy  metal  concentration  In  Ramgia  tissue  did  not 
significantly  exceed  that  of  Rangia  exposed  to  the  cap  material  alone  (con¬ 
trols)  In  any  of  the  treatments  following  10  days  of  exposure  (Table  9) . 

Rangia  copper  concentration  In  the  5-cm  +  polychaete  treatment  of  the  Vicks¬ 
burg  silt  cap  experiment  was  significantly  higher  than  copper  concentrations 
in  Rangia  exposed  only  to  Vicksburg  silt  (Table  10)  for  40  days.  There  was  no 
significant  difference,  however,  between  copper  concentrations  In  Rangia  ex¬ 
posed  to  Vicksburg  silt  and  Black  Rock  sediment.  This  statistical  (p  <  0.05) 
difference  may  therefore  have  been  due  to  chance  or  to  differences  between  the 
Rangia. 

28.  Comparison  of  organism  metal  concentrations  between  cap  materials 
Is  complicated  by  differing  heavy  metal  concentrations  In  the  Rangia  prior  to 
exposure  (Table  A2).  Each  experiment  (sand  cap.  New  Haven  cap,  Vicksburg  silt 
cap)  was  conducted  using  Rangia  collected  expressly  for  that  experiment.  Lead 
concentrations  In  Rangiat  for  example,  were  generally  higher  In  sand  cap  ex¬ 
periments  compared  to  New  Haven  and  Vicksburg  silt  cap  experiments  following 
10  days  of  exposu”*  (Table  9) .  Examination  of  sand  cap  time  zero  metal  con¬ 
centrations  (Table  A2) ,  however,  revealed  that  le^ad  concentrations  In  Rangia 
were  Initially  much  higher  In  this  group  of  organisms  compared  to  those  ob¬ 
tained  for  the  New  Haven  and  Vicksburg  silt  experiments.  Rangia  mercury  con¬ 
centrations  showed  trends  opposite  to  those  of  lead  (Table  A2). 

29.  PAH.  Rangia  PAH  concentrations  In  the  5-cm  +  polychaete  treatment 
for  each  cap  experiment  generally  exceeded  concentrations  found  In  their  re¬ 
spective  cap  material  controls  following  10  days  of  exposure  (Table  11).  This 
pattern  was  generally  repeated  In  results  of  the  40-day  exposure  (Table  12) , 
although  variability  In  the  3-cm  +  polychaete  treatment  during  the  sand  cap 
experiment  precluded  statistical  conclusions  at  the  5-percent  (p  <  0.05) 
level.  Concentrations  of  PAH  In  the  5-cm  +  polychaete  treatment  were,  how¬ 
ever,  substantially  higher  than  controls.  No  treatment  other  than  the  5-cm  + 
polychaete  significantly  (p  <  0.05)  exceeded  control  values  In  any  of  the  cap 
materials. 

30.  To  assess  the  relative  efficiency  of  different  type  cap  materials 
In  the  5'-cm  polychaete  treatment,  control  PAH  values  were  subtracted  from 
5-cm  polychaete  treatment  PAH  values  for  Rangia  In  each  cap  experiment 
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following  40  days  of  exposure.  Forty  days  of  exposure  should  have  allowed 
initial  differences  in  Rccngia  PAH  concentrations  to  have  equalized.  Values 
der:<ved  in  this  manner  were  128,  33,  and  41  Pg  PAH/g  lipid  for  the  sand  cap. 
New  Haven  cap,  and  Vicksburg  silt  cap  experiments,  respectively.  Based  on 
these  results,  the  efficiency  of  the  cap  material  in  preventing  contaminant 
transfer  to  biota  in  the  prjsence  of  biot(«rbatlon  increased  in  the  order  New 
Haven  cap  '*  Vicksburg  silt  cap  >  sand  cap. 

31.  PCB.  Rangia  PCB  concentrations  generally  exceeded  that  of  the 
Rcngia  exposed  to  the  cap  material  (controls)  In  the  5~cm  polychaete  treat¬ 
ment  for  all  cap  materials  (Table  13)  following  10  days  of  exposure.  Addi¬ 
tionally,  Rangia  PCB  concentrations  in  the  5-cm  cap  without  polychaetes  treat¬ 
ment  significantly  exceeded  that  of  cap  material  controls  for  PCB  isomer 
groups  containing  six  and  five  chlorine  atoms  in  the  sand  cap  and  New  Haven 
cap  experiments,  respectively  (Table  13).  Concentrations  of  PCBs  in  Rangia 
tissue  significantly  (p  <  O.OS)  exceeded  that  of  cap  material  controls  only  in 
the  5-cm  +  polychaete  treatment  for  all  cap  materials  following  40  days  of 
exposure  (Table  14). 

32.  It  appeared  that  the  New  Haven  and  Vicksburg  silt  caps  were  more 
effective  than  a  sand  cap  in  preventing  PCB  uptake  by  Rangia  in  the  5-cm  + 
polychaete  treatment.  Subtracting  cap  material  control  PCB  concentrations 
from  PCB  values  in  the  5-cm  >  polychaete  treatment  following  40  days  of 
exposure  gave  values  of  79.7,  49.0,  and  42.3  Ug  total  PCB/g  Mpld  for  the  sand 
cap.  New  Haven  cap,  and  Vicksburg  silt  cap,  respectively.  Under  these 
bioturbatlon  conditions,  cap  efficiency  increased  in  the  order  Vicksburg  silt 
cap  ^  New  Haven  cap  ^  sand  cap. 

33.  Polychaetes.  Significant  copper  bioaccumulation  by  polychaetes 
{Hei'eia  virena)  compared  to  controls  was  noted  in  the  5-cm  +  polychaete  treat¬ 
ment  during  the  sand  and  Vicksburg  silt  experiments  (Table  15),  but  not  in  the 
New  Haven  experiment.  Polychaetes  also  accut:ulated  significantly  higher 
cadmium  concentrations  than  controls  in  both  the  5-cb  and  50-cm  sand  cap  -f 
polychaetes  treatments. 

34.  Concentrations  of  PAH  In  Nereia  in  the  5-cm  -f  polychaete  treatments 
of  all  cap  materials  were  generally  substantially  higher  than  cap  material 
control  animals  (Table  16).  However,  only  in  the  Vicksburg  silt  cap  were 
iVereia  PAH  concentrations  in  the  5-cm  -f  polychaete  treatment  significantly 

(p  <  0.05)  highev  than  values  in  cap  material  controls.  High  variability 
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aaong  replicate  Nereie  samples  did  not  permit  statistical  conclusions  In  the 
sand  and  New  Haven  experiments  at  the  S-percent  (p  <  0.05)  level. 

35.  Concentrations  of  PCBs  In  Nereis  were  significantly  (p  <  0.05) 
higher  in  the  5-cm  +  polychaete  treatment  compared  to  controls  for  total  PCB 
and  two  PCB  isomer  groups  (Table  17)  in  the  Vicksburg  silt  cap  experiment.  In 
the  other  experiments,  significant  differences  from  controls  were  seen  for 
total  hexachloroblphenyls  (6  Cl)  In  Che  5-cm  -f  polychaete  treatment  of  the 
sand  and  New  Haven  cap  experiment  and  for  total  heptachloroblphenyls  (7  Cl)  in 
Che  5-  and  50-cm  4-  polychaete  treatments  of  the  New  Haven  experiment. 
Contaminant  concentrations  In  Nereis  at  time  zero  are  given  In  Table  A3. 
Microbial  releases 

36.  ■  Black  Pock  sediment  assays.  Total  viable  aerobic,  heterotrophic 
bacteria  In  the  Black  Rock  sediment  averaged  105,000  per  gram  wet  weight  sedi¬ 
ment  (305,000/g  dry  weight  sediment).  These  numbers  are  one  to  three  orders 
of  magnitude  lower  than  In  oxidized  sediments  (Alexander  1977),  but  were  not 
unexpected  for  a  highly  reduced,  contaminated  sediment.  The  spread  plate 
method  usually  gives  slightly  higher  colo.^y  counts  than  the  pour  plate  method 
(Young  1978);  however,  many  of  the  spread  plates  displayed  spreading  surface 
growth  of  num'itous  motile  bacteria,  which  masked  some  small  colonies  on  most 
plates. 

37.  The  TC  and  FC  MPN  assays  Indicated  low  viable  levels  of  fecal  con¬ 
tamination  indicator  bacteria.  Estimated  TC  and  FC  numbers  were  similar,  with 
average  values  of  less  than  four  (maximum  of  20)  per  10  g  wet  scdlm«'nt  (aver¬ 
age  of  I/g  dry  sediment).  These  low  concentrations,  especially  for  FC,  are 
typical  for  highly  reduced-  contaminated  subsurface  marine  sediments  (Attwell 
and  Colwell  1981).  A  previous  study  of  indicator  bacteria  In  core  samples 
from  Long  Island  Sound  and  adjacent  harbor  areas  Indicated  that  TC  and  FC  bac¬ 
teria  are  seldom  found  at  elevated  numbers  below  the  uppermost  layer  of  fine¬ 
grained,  fecal-contaminated  marine  sediments  (Babinchak  et  al.  1977).  Bio¬ 
chemical  testing  showed  that  the  single  FC  Isolate  obtained  from  1  g  of  Black 
Rock  sediment  was  Esoheriahia  aolit  «  typical  FC  bacterium. 

38.  Assays  for  Salmonella  species  and  other  pathogenic  members  of  the 
salmonellae  all  proved  negative.  The  MPN  tables  thus  Indicated  numbers  of 
less  than  two  viable  cells  per  gram  wet  sediment.  The  median  ratio  of  sal¬ 
monellae  to  FC  In  freshwater  muds  Is  about  1:14,000  (Van  Oonsel  and  Geldrelch 
1971),  and  the  die-off  of  both  Is  more  rapid  In  marine  versus  freshwater 
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envlroiuaents  (Mitchell  1968).  Biochemical  testing  of  Isolates  Indicated  that 
none  vere  even  closely  related  to  the  salmonellae  group.  The  Isolates  could 
not  be  specifically  Identified,  but  most  proved  to  be  pseudomonad  bacteria 
that  utilized  the  high  ambient  concentrations  of  petroleum  residues  In  the 
Black  Rock  sediment. 

39.  The  CloBtridium  perfrLngens  membrane  filter  (mCP)  assays  of  six 
replicate  Black  Rock  Harbor  sediment  samples  showed  very  high  levels  of  cells 
and/or  spores.  The  mCP  tests,  which  Incorporate  a  highly  selective  growth 
medium  for  this  bacterial  species,  gave  an  average  enumeration  of  214,000  per 
gram  wet  sediment  (628,000/g  dry  weight  sediment).  A  less  selective  medium, 
SPS  agar  (BBL  Microbiology  Systems  Cockeysvllle,  Md.),  was  also  used  for  com¬ 
parative  purposes.  SPS  agar  pour  plate  results  gave  average  counts  of 
355,000  per  gram  wet  sediment  (1.03  »  10^/g  dry  weight  sediment).  Evaluations 
of  the  sonicate-settling  and  shake-settling  procedures  outlined  for  mCP  sedi¬ 
ment  assays  (Emerson  1982)  shoved  tliat  sonlcatlon  for  10  sec  at  moderate 
energies  (l.e.,  100-200  W  at  the  probe)  gave  the  highest  mCP  counts. 

40.  Cap  material  assays.  Clostridium  perfringens  was  also  enumerated 
In  the  three  materials  used  to  cap  Black  Bock  sediment.  Each  sediment  was 
assayed  by  the  mCP  procedure  In  triplicate. 

41.  The  washed  sand  and  Vicksburg  silt  capping  materials  each  contained 
less  than  10  C.  perfringens  per  gram  dry  sediment.  The  sediment  from  New 
Haven  shoved  relatively  low  densities  of  C.  perfringens  In  comparison  to  Black 
Rock  sediment;  wet  and  dry  weight  enumerations  vere  8,700  and  30,000  per  gram, 
respectively.  The  low  numbers  or  absence  of  (7.  perfringens  In  the  three  cap 
materials,  compared  to  the  very  high  densities  In  the  underlying  Black  Rock 
Harbor  sediment,  made  monitoring  of  C.  perfringens  spores  In  the  overlying 
test  chamber  water  column  a  very  useful  indicator  of  spore  or  particulate 
movement  through  each  cap  material. 

42.  Following  40  days  of  water  column  monitoring  of  chambers  containing 
Black  Rock  sediment  capped  with  Vicksburg  silt,  four  cores  65  ma  in  diameter 
vere  taken  In  four  test  chambers  containing  SO-cm  caps.  Two  chambers  con¬ 
tained  no  polychaete  worms  while  the  other  two  chambers  contained  polychaetes. 
Data  for  three  core  segments  from  each  core  are  summarized  In  Figure  3.  All 
samples  from  chambers  without  polychaetes  lacked  detectable  numbers  of 

C.  perfringens  (<  5/g  dry  weight)  vhereaa  low  but  highly  variable  numbers  vere 
found  in  all  three  horizons  In  cores  from  chambers  with  polychaetes.  Visual 
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Figure  3.  Enuaeratlon  of  C.  perfringena  In  core  samples 
taken  from  chambers  with  and  without  polychaetes  and 
having  50-cm  Vicksburg  silt  caps  (No./g  dry  sediment 

±  standard  error) 


observation  shoved  that  the  polychaetes  repeatedly  penetrated  50  cm  of  all  cap 
materials. 

43.  Water  column  assays.  Cloatv: diwn  perfpingens,  which  occurs  in  very 
high  numbers  in  the  Black  Rock  sediment.  Is  a  fecal  pollution  indicator  and 
pathogenic  bacterium  as  well  as  a  strict  anaerobe,  l.e.,  does  not  grow  in  an 
aerated  water  column  (Bisson  and  Cabelll  1980).  Absence  of  vegetative  growth 
of  C.  perfringena  in  the  water  column  was  verified  by  heating  previously  enum¬ 
erated  water  samples  at  bO^C  for  18  min.  This  temperature  kills  vegetative 
cells  while  sparing  most  of  the  heat-resistant  endospores  (Bisson  and  Cabelll 
1979).  Comparisons  of  initial  and  heat-treated  water  samples  gave  statisti¬ 
cally  (p  <  0.05)  similar  results,  thus  strcr^ly  indicating  the  absence  of 
vegetative  growth  in  the  aerated  water  column.  Therefore,  monitoring  of 
viable  C.  perfvingena  spore  densities  in  the  aerated  water  column  of  the  test 
chambers  could  serve  to  evaluate  the  movement  of  very  small  discrete  particles 
through  the  various  caps  covering  the  Black  Rock  Harbor  sediment.  Endospores 
of  Clostridia  are  less  than  1  p  in  diameter,  smaller  than  most  bacteria  and 
very  fine  clay-sized  particles,  and  do  not  germinate  and  grow  at  temperatures 
less  than  20*C  (Granberg  1983) . 

44,  Spore  counts  of  C.  perfringena  in  the  water  column  of  treatments 
containing  only  Black  Rock  Harbor  sediments  greatly  exceeded  spore  counts  in 
waters  overlying  any  of  the  cap  materials  (Table  18) .  Spores  of  (7,  perfringena 
were  not  detected  in  the  inflow  water.  Regardless  of  the  type  of  cap  material, 
elevated  spore  counts  of  C.  perfringena  relative  to  cap  material  controls  were 
observed  in  treatments  containing  a  5-cm  cap  +  polychaetes.  Despite  visual 
and  chemical  confirmation  that  polychaetes  breached  the  50-cm  caps,  water  col¬ 
umn  spore  data  from  this  trepiment  (50-cm  cap  +  polychaetes)  were  comparable 

to  their  respective  controls. 


Small  Reactor  Unit  Experiments 


Water  column  oxygen  depletion 


45.  Small  column  experiments  were  conducted  to  determlre  the  depth  of 
cap  necessary  to  chemically  Isolate  Black  Rock  sediment  from  the  water  column. 
Dissolved  oxygen  depletion  in  the  water  column  would  not  normally  be  expected 
to  be  a  problem  in  an  open  water  environment  because  of  mixing  and  reaeratlon. 
Dissolved  oxygen  depletion,  however,  does  serve  as  a  tracer  for  determining 


19 


how  cffoctlvoly  a  cap  can  Isolate  the  underlying  dredged  material,  such  as 
Black  Rock  material,  that  possesses  a  high  oxygen  demand. 

46.  The  effect  of  cap  depth  on  DO  depletion  rates  in  the  water  over- 
lying  various  types  and  depths  of  cap  material  is  summarized  in  Figure  4. 
Oxygen  depletion  rates  were  derived  by  performing  linear  regression  analyses 
of  mass  uptake  or  release  per  unit  area  (milligrams  per  square  metre)  versus 
time.  Rates  plotted  are  the  mean  of  three  replicates  and  represent  values 
greater  than  baseline  (l.e.  oxygen  demand  of  cap  alone).  Complete  results  on 
oxygen  demand  are  presented  in  Appendix  Table  A4.  Results  shewed  that  a  2-cm 
cap  of  New  Haven  sediment  resulted  in  complete  inhibition  of  oxygen  demand 
above  that  of  the  New  Haven  cap  material  Itself  (i.e.  oxygen  demand  attribut¬ 
able  to  Black  Rock  sediment  was  masked  by  the  high  oxygen  demanc  irom  the  New 
Haven  cap),  while  2  cm  of  Vicksburg  silt  and  the  sand  caps  resulted  in  81-  and 
40-percent  reductions  in  oxygen  demand  rates,  respectively.  In  the  oxygen  de¬ 
mand  rate  curve  for  diluted  Black  Rock  sediment  capped  %rlth  sand  there  was 
little  reduction  in  oxygen  demand  with  even  a  24-cm  sand  cap.  Diluted  Black 
Rock  sediment  was  produced  by  adding  deoxygenated  water  to  Black  Rock  sediment 
until  the  solids  content  had  been  reduced  to  30  percent  from  the  original 

54  percent.  This  diluted  sediment  would  be  more  representative  of  hydraul¬ 
ically  dredged  sediment  than  clamshell  dredged  sediment  and  was  observed  to 
undergo  very  irregular  compaction  iriien  cap  materials  were  added  to  the 
surface. 

47.  The  cap  depths  required  to  isolate  the  overlying  water  column  from 
oxygen  demand  due  to  Black  Rock  sediment  was  2  cm  for  New  Haven.  18  cm  for 
Vicksburg  silt,  and  22  cm  for  a  sand  cap.  Sand  caps  up  to  30  cm  deep  were 
unable  to  totally  Isolate  oxygen  demand  attributable  to  the  diluted  Black  Rock 
sediment  from  the  water  column. 

Ammonium-nitrogen  releases 

48.  Ammonium-nitrogen  (NH^-N)  release  rates  to  the  overlying  water, 
derived  in  the  same  manner  as  oxygen  depletion  rates,  are  presented  as  a  func¬ 
tion  of  the  type  and  depth  of  cap  material  used  In  Figure  5.  Complete  data 
are  presented  in  Appendix  Table  AS.  Results  showed  that  a  2-cm  depth  of  all 
cap  materials  substantially  reduced  (42  percent  to  61  percent)  releases  of 
NH^-N  to  the  overlying  water.  There  was  no  significant  (p  <  0.05)  release  of 

NH^-N  greater  than  that  of  the  cap  material  alone  when  a  cap  depth  of  22  cm  of 


20 


VICKSBURG  SILT  CAP 
NEW  HAVEN  CAP 


AV0/,W/9W  “I3A3T  3Nn3SVa 
dV3  3A0aV  3iVy  N0ll31d3a  N39AX0 


21 


Figure  A.  Effect  of  cap  depth  on  overlying  water  oxygen  demand 


sand,  18  cm  of  Vicksburg  silt,  and  10  cm  of  New  Haven  sediment  was  reached. 
Capping  of  diluted  Black  Rock  sediment  with  sand  required  a  cap  depth  of  30  cm 
to  obtain  a  63-percent  reduction  in  NH^-N  release  rate. 

Manganese  and  orthophosphate  releases 

49.  Determination  of  cap  depths  necessary  to  chemically  seal  a  dredged 
sediment  was  also  attempted  using  manganese  and  orthophosphate  releases  as 
tracers.  These  parameters  proved  unsuitable  because  releases  from  cap  mate¬ 
rials  generally  exceeded  or  closely  approximated  those  measured  in  Black  Rock 
sediments.  Use  of  these  parameters  as  tracers  was  therefore  not  pursued. 
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PART  IV;  DISCUSSION 


50.  Results  of  this  study  have  demonstrated  that  capping  can  Isolate 
contaminated  dredged  material  from  the  water  column  and  nonburrowing  aquatic 
organisms.  This  conclusion  Is  based  on  analysis  of  tntsr,  tissue,  and  micro¬ 
bial  data. 

51.  There  was  a  large  aanunt  of  variability  associated  with  both  the 
microbial  and  bioaccumulation  data.  This  is  similar  to  the  bloaecumulation 
variability  observed  In  the  data  of  Rubinstein,  Lores,  and  Gregory  (1983)  from 
aquaria  containing  Nereis  virens,  Mercenaria  marcenaria,  and  Palaemonetea 
pugio.  It  Is  highly  probable  that  much  of  the  variability  observed  represents 
differences  In  exposuie  conditions  caused  by  polychaete  activity  among  cham¬ 
bers.  For  example,  the  high  variability  In  numbers  of  C.  perfringana  for 
Vicksburg  silt  core  horizons  containing  polychaetes  (e.g.,  88  ±  82/g  dry  sedi¬ 
ment  at  2  cm  above  the  cap/ Black  Rock  sediment  interface)  suggests  that  dis¬ 
tinct  burrows  were  formed  by  the  worms  and  that  most  movement  of  particulate 
contaminants  through  the  bloturbated  caps  was  through  these  burrow  systems. 
Also,  spore  counts  of  C.  perfringena  In  the  overlying  water  showed  that  cap 
breaching  within  a  treatment  did  not  necessarily  occur  at  the  same  time,  but 
was  somewhat  staggered  over  time. 

Cap  Effectiveness 

52.  Clam  tissue  analyses,  water  column  chemical  data,  and  microbial 
results  clearly  showed  that  a  50-cm  cap  of  sand,  silt,  or  New  Haven  sediment 
served  as  an  effective  barrier  to  movement  of  contaminants  from  dredged  mate¬ 
rial.  This  50-cm  depth  of  cap  material  was  effective  In  preventing  the  move¬ 
ment  of  contaminants  Into  the  water  column  and  nonburrowing  organisms  despite 
the  presence  of  the  large  (300  mm  or  larger)  polychaete  N.  virana.  Visual 
observations  during  retrieval  for  analyses  revealed  that  the  polychaetes  had 
burrowed  Into  the  Black  Rock  sediment  through  both  the  5-ca  and  50-cm  caps. 

Cap  breaching  by  the  polychaetes  offers  contaminants  In  the  Black  Rock  sedi¬ 
ment  an  easier  path  Into  the  overlying  water  than  If  the  cap  remained  un¬ 
breached.  In  some  instances,  contaminant  concentrations  in  polychaetes  in 
treatments  with  a  5Q-cm  cap  were  significantly  higher  than  controls,  but  this 
was  not  generally  the  case.  It  is  postulated  that  the  polychaetes  were  able 
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to  regulate  their  exposure  to  the  contaminated  dredged  material  by  moving  up 
and  down  In  the  cap.  In  the  5-cm  cap  +  polychaete  treatments.  Increased  Inci¬ 
dences  of  significant  contaminant  bioaccumulatlon  by  Nereis  compared  with  that 
In  the  50-cm  cap  +  polychaete  treatment  may  have  been  due  to  the  Inability  of 
Nereis  to  avoid  contaminated  sediment  when  residing  In  the  shallower  cap. 

53.  It  Is  Important  to  emphasize  that  the  bloturbatlon  In  this  study 
may  have  been  more  severe  than  normally  encountered  In  the  field.  Rhoads, 
McCall,  and  Ylngst  (1978)  reported  that  polychaetes  observed  recolonlzlng  a 
dredged  material  disposal  site  In  Long  Island  Sound  were  Streblospio 
benedicti,  Capitelta  aapitata,  and  Nephtys  incisa.  Of  these  polychaete  spe¬ 
cies,  Nephtys,  at  30  mm,  was  the  longest  measured.  For  Nephtys*  an  Increase 
In  worm  size  has  been  shown  to  produce  a  corresponding  Increase  In  burrow 
length  and  depth  (Davis  and  Miller  1979;  Davis  1980).  The  data  of  Davis 
(1980)  showed  that  the  largest  1-  to  2-year-old  Nephtys  (0.6  g  wet  weight) 
burrowed  to  a  depth  of  approximately  8  cm.  The  N.  virens  used  In  this  study 
are  among  the  largest  of  the  polychaete  species  and  often  measure  up  to  450  mm 
In  length  (Arnold  1968).  The  Nereis  used  in  this  study  were  generally  300  m 
or  longer,  weighed  from  3  to  4  g  wet  weight,  and  burrowed  to  much  greater 
depths  (at  least  50  cm)  than  do  smaller  polychaete  species.  Bloturbatlon  was 
therefore  much  greater  than  would  be  expected  of  the  polychaete  assemblage  in 
an  ocean  disposal  site.  Bloturbatlon  depth  at  a  field  site  must  be  determined 
prior  to  capping  operations  so  that  the  contaminated  dredged  material  can  be 
Isolated  from  all  burrowing  organisms. 

54.  The  Impacts  of  bloturbatlon  on  cap  materials  were  well  illustrated 
by  spore  enumeration  data  conducted  In  cores  taken  from  50-cm  Vicksburg  silt 
cap  treatments  (Figure  3).  In  the  absence  of  bloturbatlon,  Clostridim  spore 
counts  In  cap  material  remained  below  detection  limits  (<5  spores/g  dry  sedi¬ 
ment)  following  40  days  of  incubation.  However,  in  the  presence  of  Nereis, 
Clostridium  was  detected  throughout  the  length  of  cap  material,  generally 
decreasing  in  concentration  from  the  cap/dredged  material  interface  to  the 
surface.  Microbial  spores  are  the  same  size  as  very  fine  clay  particles  and 
should  behave  similarly  (Bltton  and  Marshall  1980).  Therefore,  It  Is  expected 
that  movement  of  contaminated  sediment  through  a  breached  cap  Is  a  function  of 
depth,  decreasing  as  Che  cap  depth  Increases. 

55.  M'  vement  of  soluble  contaminants  through  Intact  burrows  Is  not  a 
straightforward  diffusion  problem.  Davis  (1980)  demonstrated  Chat  Che  burrow 
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wall  of  Itephtya  abaorbad  solubla  coppar  aa  a  function  of  coppar  concantracion 
and  sedlaanc  wall  organic  content.  This  sorptiva  capacity  nay  raduca  concaini> 
nant  transfer  through  a  cap,  even  when  it  la  breached. 

56.  In  the  presence  of  bioturbation.  a  Socn  cap  of  any  material  tested 
was  unable  to  seal  the  Black  Rock  sediments  from  biota  and  the  overlying 
water.  However,  the  presence  of  a  S-cm  cap  with  polychaates  served  to  reduce 
water  column  spore  counts  and  contaminant  uptake  by  clams  and  polychaetas  to 
levels  below  that  observed  with  uncapped  dredged  utarial.  This  is  especially 
evident  in  the  New  Haven  cap  experiment  when  the  uncapped  Black  Rock  treatment 
was  conducted. 

57.  In  the  absence  of  bioturbation,  a  5>cm  cap  appeared  to  be  generally 
effective  in  preventing  the  movement  of  contaminants  into  the  overlying  water 
and  biota.  This  is  in  agreement  with  the  results  of  Rubinstein,  Gillian,  and 
Gregory  (1984),  who  showed  that  simply  isolating  organisms  (fish)  from  contact 
with  contaminated  sediment  with  a  1-mm  mesh  screen  significantly  reduced  PCB 
body  burdens  compared  to  organisms  allowed  to  contact  the  sediment.  Physical 
Isolation  of  contaminated  sediment  through  capping  therefore  appears  to  be  a 
viable  means  of  effectively ' reducing  contaminant  bioaccumulation  by  water 
column  organisms. 

Thickness  and  Relative  Effectiveness  rf  Cap  Material 

58.  As  pointed  out  earlier  in  the  results  section,  varying  initial  con¬ 
taminant  concentrations  in  the  clams  and  polychaetes  made  comparison  of  bioac- 
cumulatlon  results  between  experiments  using  different  cap  materials  diffi¬ 
cult.  However,  all  50-cm  caps  were  effective  in  isolating  the  Black  Rock 
sediment  in  the  presence  of  bioturbation  while  none  of  the  5-cm  caps  were 
totally  effective  in  the  presence  of  bioturbation.  This  points  to  the  need  to 
isolate  the  contaminated  dredged  material  from  benthic  organism  activity. 

59.  Results  of  the  small  reactor  unit  experiments  demonstrated  that  cap 
depths  as  shallow  as  2  cm  can  exert  considerable  influence  on  sediment-water 
Interactions.  A  2-cm  cap  resulted  in  a  <♦()-  to  81-percent  reduction  in  over- 
lying  water  oxygen  demand  and  transfer  of  NH^-N  from  Black  Rock  sediment  into 
Che  overlying  water.  A  cap  depth  of  22  cm  of  any  material  (sand,  silt,  or  New 
Haven  sediment)  was  sufficient  to  stop  chemical  exchanges  between  capped  Black 
Rock  sediment  and  the  overlying  water. 


26 


60.  The  efficiency  of  cap  material  in  preventing  overlying  water  DO 
depletion  and  NH^-N  release  attributable  to  the  dlack  Rock  sediment  was  in  the 
order:  New  Haven  sediment  *  Vicksburg  silt  *  sand.  A  minimum  thickness  of 

10  cm  of  New  Haven  sediment  was  required  to  stop  NH^-N  releases.  Such  results 
were  in  relatively  close  agreement  with  PCB  and  PAH  bloaccumulatlon  results 
for  F.angia  in  the  5-cm  +  polychaete  treatment.  A  5-cm  New  Haven  sediment  or 
Vicksburg  silt  cap  was  relatively  more  effective  than  a  5-cm  sand  cap  in  pre¬ 
venting  the  movement  of  PCB  and  PAH  compounds  into  Rangia  in  the  water  column. 
Chemical  and  biological  uptake  data  results  therefore  Indicate  that  cap  mate¬ 
rials  with  higher  proportions  of  clay  and  silt  are  more  effective  in  prevent¬ 
ing  the  movement  of  contaminants  into  the  overlying  water  and  biota  than  sand. 
This  enhanced  effectiveness  relative  to  sand  may  be  due  to  greater  adsorptive 
capacity  for  contaminants  by  clays  and  silt  compared  to  sand.  However,  a 
thick  cap  of  any  of  the  materials  tested  can  effectively  Isolate  dredged  mate¬ 
rial  from  the  overlying  water. 

61.  The  small  reactor  unit  capping  experiment  conducted  with  Black  Rock 
sediment  whose  solids  content  had  been  lowered  demonstrated  the  importance  of 
engineering  considerations  in  capping  operations.  Capping  with  sand  sealed 
the  Black  Rock  sediment  with  54-percent  solids  from  the  overlying  water. 
Lowering  the  solids  content  of  the  Black  Rock  sediment  to  30  percent,  however, 
allowed  dredged  material  to  mingle  freely  with  the  sand  and  prevent  formation 
of  an  effective  cap.  The  engineering  properties  of  a  dredged  material  and  a 
proposed  cap  material  should  therefore  be  closely  examined  prior  to  capping  to 
determine  their  compatibility.  There  may  also  have  to  be  a  trade-off  between 
the  effectiveness  of  the  cap  and  its  persistence  in  the  aquatic  environment. 
Morton  and  Miller  (1980)  reported  that  a  sand  cap  was  found  to  be  physically 
more  stable  than  a  silt  cap,  trends  apparently  opposite  to  those  reported  here 
for  cap  effectiveness. 
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PART  V:  SUMMARY  AND  CONfLUSKWS 


62.  Analyses  of  DO  and  NH^-N  in  the  overlying  water  in  the  small  reac¬ 
tor  units  revealed  that  Increasing  cap  depths  prevented  the  transfer  of  dis¬ 
solved  constituents  to  the  overlying  water.  The  efficiency  of  cap  materials 
in  preventing  DO  depletion  and  NH^-N  releases  into  the  overlying  water  attrib¬ 
utable  to  the  capped  dredged  material  was  in  the  order:  New  Haven  sediment 
clay  >  Vicksburg  silt  >  sand.  These  chemical  results  were  in  relatively  close 
agreement  with  PCB  and  PAH  bioaccumulatlon  results  for  Rangia  in  the  5-cb  + 
polychaete  treatments  iu  the  large  reaction  chaB*:.ers.  A  5-cb  New  Haven  sedi¬ 
ment  or  Vicksburg  silt  cap  was  relatively  more  effective  than  a  5-cm  sand  cap 
in  preventing  the  movement  of  PCB  and  PAH  compounds  into  Rangia.  Cap  mate¬ 
rials  with  higher  proportions  of  clay  and  silt  should,  therefore,  be  more 
effective  than  cap  materials  consisting  predominately  of  sand  in  preventing 
contaminant  movement  into  the  overlying  water  and  biota.  However,  a  thick  cap 
(50  cm  or  more)  of  any  of  the  cap  materials  tested  effectively  Isolated  the 
overlying  water  and  nonburrowing  biota  from  the  dredged  material.  A  depth  of 
22  cm  of  apv  cap  material  was-  sufficient  to  stop  cheBical  exchanges  between 
Black  Rock  sediment  and  the  overlying  water  in  the  absence  of  bloturbation. 
However,  capping  of  diluted  Black  Rock  sedlBcnt  having  a  lower  solids  content 
with  30  cm  of  sand  did  not  stop  sediment-water  interactions.  This  finding 
emphasizes  that  sound  engineering  Judgments  on  the  stability  of  sediments  and 
cap  material  and  dredging  methods  must  be  made  prior  to  capping.  Of  equal 
important  is  the  need  to  ensure  that  the  proper  cap  depth  is  achieved  during 
the  actual  cap  placement  operation  and  that  cap  Integrity  is  maintained 
afterwards. 

63.  Chemical  analysis  of  polychaete  tissue  and  visual  observation 
showed  that  Nereia  penetrated  both  the  S-cm  and  50-cm  caps,  resulting  in  a 
high  level  of  bloturbation.  However,  even  under  these  bloturbation  conditions 
[100  large  (>300  mm)  polychaetes  per  square  metre],  neither  Rangia  body  bur¬ 
dens  nor  water  column  concentrations  of  PCBs,  PAHs,  or  heavy  metals  showed  a 
significant  Increase  compared  to  cap  material  alone  in  experimental  units  with 
a  SO-cm  cap.  At  the  end  of  10  and  40  days  of  exposure,  however,  Rangia  in 
experimental  units  with  a  5-cm  cap  with  polychaetes  showed  significantly  in¬ 
creased  PCB  and  PAH  body  burdens  compared  to  Rangia  in  the  cap  material  con¬ 
trol  treatments.  These  results  indicate  that  a  50-ca  cap  of  any  of  the  types 
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tested,  even  when  penetrated  by  organisas,  is  effective  in  preventing  the 
transfer  of  chemical  constituents  and  alcrobial  spores  to  the  overlying  water 
and  biota  during  a  40-day  experiment. 
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Tabic  1 

Experimental  DcsIrh  for  Black  Rock  Sediment  With  Various  Capa 


Animals 

In  Reactor  Unit 

Treatment 

Polychaetes 

Suspended  Clams 

Control  (various  cap  materials) 

X 

X 

5-cm  cap 

X 

X 

5-cm  cap 

X 

50-cm  cap 

X 

X 

50-cm  cap 

X 

Black  Rock 

X 

X 

Table  2 

Polyaromatlc  Hydrocarbon  Compounds  Determined  In  Mater 
and  Tissue  Samples 


_ Two  Ring  Compounds 

Naphthalene 

Benzothlophene 

2-Methylnaphthalene 

1-Methylnaphthalene 

Biphenyl 

2,6»Dlmethylnaphthalene 
2,3, 6-Trlme thylnaphthalene 


Three  Ring  Compounds 
Fluorene 

Dlbenzothlophene 

Phenanthrene 

Anthracene 

1-Methylphenanthrene 

Fluoranthene 


Four  Ring  Compounds 
Pyrene 
Chrysene 


Five  Ring  Compounds 
Benzo  (e)  Pyrene 
Benzo  (a)  Pyrene 
Perylene 


Table  3 

Heavy  Metal  Concentrations  and  Selected  Sediment 
Physical  Characteristics 


Metal 

Concentration 

Texture. 

Wg/g  Dry  Weight 

percent 

Sediment 

Cd 

Cu 

Pb 

Zn 

Hg  .. 

TOC.  Z 

Sand: Silt: Clay 

S;»nd 

0.08 

0.24 

0.63 

5.8 

<0.1 

0.0 

100:0:0 

Vicksburg  silt 

0.16 

23 

7.9 

39.3 

<0.1 

1.1 

0:81.2:18.8 

New  Haven 

2.92 

202 

94.5 

273 

0.97 

3.1 

0:58.5:41.5 

Black  Rock 

20.5 

2525 

368 

1412 

3.34 

8.2 

28.7:46.3:25.0 

Table  4 

Sediment  PAH  Concentrations 


Parameter 

Concentration  at  Indicated 
Ug/g  Dry  Weight 

Sediment 

Sand 

Vicksburg  Silt 

New  Haven  Black  Rock 

Naphthalene 

,  ND* 

ND 

0.01 

4.05 

Benzothlophene 

ND 

ND 

0.003 

1.16 

2-Methylnaphthalene 

ND 

ND 

0.006 

6.39 

1-Methylnaphthalene 

ND 

ND 

0.001 

6.07 

Biphenyl 

ND 

ND 

0.005 

1.36 

2 . 6-Dlmethylnaphthalene 

ND 

ND 

ND 

2.14 

2 ( 3-6~Trlmethylnaphthalene 

ND 

ND 

0.008 

3.72 

Fluorene 

ND 

ND 

0.010 

6.77 

Dlbenzothlophene 

ND 

ND 

0.302 

37.83 

Phenanthrene 

ND 

ND 

0.040 

27.83 

Anthracene 

ND 

ND 

0.017 

11.22 

1-Methylphenanthrene 

ND 

ND 

0.021 

18.69 

Fluoranthene 

ND 

ND 

0.140 

48.26 

Pyrene 

ND 

ND 

0.095 

31.78 

Chrysene 

ND 

ND 

0.093 

49.18 

Benzo  (e)  Pyrene 

ND 

ND 

0.064 

8.61 

Benzo  (a)  Pyrene 

ND 

ND 

0.135 

38.32 

Perylene 

ND 

ND 

0.053 

11.17 

Total 

ND 

ND 

1.01 

314.55 

*  ND  >  not  detected  (detection  limit 

-  0.5  ng/g). 

/ 


Table  5 

Sediment  PCB  Concentrations* 


Concentration  at  Indicated  Sediment 
_ Wg/g  Dry  Weight _ 


Isomer  Group 

Sand 

Vicksburg  Silt 

New  Haven 

Black  Rock 

Total 

monochloroblphenyls 

<0.5 

<0.05 

<0,5 

<0.5 

Total 

dlchlorol  ^phenyls 

0.05 

<0.01 

0.73 

1.9 

Total 

trlchloroblphenyls 

0.06 

<0.01 

0.04 

1.4 

Total 

tetrachlorobiphenyla 

<0.01 

<0.01 

0.17 

3.4 

Total 

pentachloroblphenyls 

<0.01 

<0.01 

0.02 

3.3 

Total 

hexachloroblphenyls 

<0.01 

<0.01 

0.06 

7.1 

Total 

heptachloroblphenyls 

<0.01 

<0.01 

<0.01 

0.19 

Total 

octachloroblphenyls 

<0.01 

<0.01 

<0.01 

0.24 

Total 

nonachloroblphenyls 

<0.01 

<0.01 

<0.01 

0.08 

Total 

decachloroblphenyls 

<0.01 

<0.01 

<0.01 

0.02 

Total 

PCBs 

0.11 

<0.01 

1.02 

17.63 

*  Detection  limits  ■  <0.5  l®/g  for  total  monochloroblphenyls  and  <0.01  Pg/g 
for  all  other  PCB  Isomer  groups. 


Table  6 


Water  Column  Metal  Concantratloas  FollowlnR  40  daya  of  Incubation* 


Concentration  In  Indicated  Metal.  Mg/^  t  SE 


Treatment 

Cd 

Cu 

Pb 

Zn 

_ Hg _ 

Sand  Cap 

Sand  control 

3.8  i  0.4 

4  ±  0 

85  ±  22 

<50 

0.7  ±  0.4 

5-cm  cap 

6.5  i  1.2 

9  ±  2 

70  ±  27 

<50 

1.0  ±  0.6 

5-cm  cap  +  polychaetes 

4.9  ±0.2 

20  ±  4 

91  ±  41 

<50 

0.7  ±  0.3 

50-cm  cap 

5.1  ±  1.0 

4  ±  1  ■ 

72  ±  32 

<50 

1.5  ±  0.6 

50-cm  cap  +  polychaetea 

4.4  t  0.3 

6  ±  0.3 

54  ±  17 

<50 

0.3  ±  0.3 

Inflow  water 

6 

6 

151 

<50 

1.6 

New  Haven  Cap 

New  Haven  control 

2  4  ±  1.7 

1  ±  1 

5  ±  2 

<50 

<0.001 

5-cm  cap 

C  f  ±  0.6 

1 

6  ±  2 

<50 

<0.001 

5-cm  cep  +  polychaetes 

3.2  ±  2.5 

12  ±  5 

16  ±  10 

<50 

<0.001 

50-<’.n»  :ap 

4.9  ±  4.9 

2  ±  2 

8  ±  4 

<50 

<0.001 

50-cm  cap  +  polychaetes 

1.8  ±  1.1 

<1 

6  ±  2 

<50 

<0.001 

Inflow  water 

<0.1 

<1 

5 

<50 

<0.001 

Uncapped  Sedlmont 

Black  Rock 

.  4.8  ±  3.0 

35  ♦  24 

3  ±  2 

72  ±  8 

<0.001 

(with  polychaetea) 


*  Samples  from  Che  Vicksburg  silt  experiment  were  lost  during  shipment. 
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Significantly  (p  <  O.OS)  hlgl.ar  than  rctpcctlva  cap  aatcrial  control. 


Table  8 


Wfter  Column  PAH  Concentrations  Following  40  Days  of  Incubation 


Treatment 

Control 

New  Haven  Cap 

59 

VicksburR  Silt  Cap 

50 

5-cm  cap 

20 

35 

5-cm  cap  +  polychaetes 

19 

45 

50-ca  cap 

59 

98 

50-cin  cap  +  polychaetes 

41 

112 

Inflow  water 

65 

49 

Black  Rock  sediment 

10 

T«bl«  9 

HtavY  M«t»l  Concantratlon  tn  Pangia  Tlt>u«  *t  tO  Diy« 

CononCratlon  of  Indlc»Ctd  ug/g  t  Standard  Error 

Traataant  Cd  Cu  Pb  Zn  Hg 

Sand  Cap 


Sand  control 

1.9 

♦ 

0.4 

32.7  *  10.0 

18.5 

t 

10.1 

86.7 

♦ 

14.0 

<0.02 

S-ca  cap 

l.l 

t 

0.1 

28.4  t  3.8 

5.9 

♦ 

3.6 

57.8 

♦ 

2.8 

<0.02 

S-c«  cap  *  polychaataa 

2.3 

♦ 

1.1 

34.8  ♦  5.5 

15.9 

♦ 

13.1 

179 

♦ 

111 

<0.02 

50-ca  cap 

1.3 

1 

0.1 

32.9  t  7.0 

7.1 

t 

3.3 

59.3 

t 

3.8 

<0.02 

50-ca  cap  >  polychaataa 

0.7 

♦ 

0.2 

26.2  i  3.7 

6.5 

♦ 

4.6 

67.2 

♦ 

7.1 

<0.02 

Naw  Havan  Cap 

Naw  Havan  control 

1.2 

♦ 

0.2 

44.1  *  1.2 

4.4 

♦ 

0.6 

73.3 

♦ 

10.0 

2.04  1  0.19 

S-ca  cap 

1.5 

♦ 

0.0 

49.4  ♦  4.2 

4.7 

♦ 

0.5 

31.1 

♦ 

10.3 

1.84  :  0.18 

S-ca  cap  +  polychaataa 

1.3 

± 

0.1 

51.6  i  6.4 

4.7 

♦ 

0.3 

70.9 

7.4 

2.06  *  0.18 

SO-ca  cap 

1.4 

♦ 

0.1 

47.2  *  1.2 

9.2 

♦ 

5.1 

72.4 

♦ 

6.4 

2.37  *  0.13 

SO-ca  cap  polychaataa 

1.2 

♦ 

0.1 

45.8  t  1.3 

5.3 

t 

0.6 

60.7 

♦ 

6.1 

2.34  *  0.14 

Vickaburg  Gilt  Cap 

Vickaburg  allt  control 

1.1 

± 

0.1 

41.6  i  3.6 

2.1 

♦ 

1.0 

62.3 

♦ 

5.2 

2.7  •  0.5 

5-ca  cap 

0.9 

♦ 

0.1 

49.2  1  3.8 

2.0 

♦ 

1.2 

65.1 

♦ 

3.0 

3.3  S  1.0 

S-ca  cap  polychaataa 

l.O 

♦ 

0.1 

48.5  i  1.7 

3.2 

♦ 

0.6 

65.2 

♦ 

3.7 

3.0  i  0.1 

SO-ca  cap 

0.9 

1 

0.1 

39.3  i  3.3 

2.6 

♦ 

0.2 

58.7 

♦ 

2.0 

2.4  *  0.2 

SO-ca  cap  *  polychaataa 

0.8 

♦ 

0.1 

42.6  i  3.6 

1.5 

♦ 

0.6 

58.2 

♦ 

3.7 

4.3  i  1.7 

Uncappad  Sadiaant 

Black  Rock 

1.5 

♦ 

0.7 

50.2  i  2.5 

5.1 

♦ 

0.7 

62.7 

♦ 

3.2 

2.28  i  0.32 

(wlch  polychaatcs) 


Table  10 


Tlsaua  at  40  0 


Treacaant 


Concantratlon  of  Indlcatad 
Cu  Pb 


Sand  Cap 


Matal,  ug/K  t  SE 
Zn  _ H 


Sand  control 

1.7 

♦ 

0.2 

41.2  ♦  4.9 

3.8 

♦ 

1.1 

124 

± 

38 

0.0001 

♦  0.0000 

*  S-ca  cap 

1.3 

♦ 

0.3 

44.5  t  6.0 

2.1 

♦ 

0.3 

82 

♦ 

14 

0.0001 

1  0.0000 

1  5-ca  cap  >  polychaacaa 

2.6 

♦ 

0.8 

39.4  ♦  4.0 

3.8 

t 

0.8 

77 

♦ 

8 

0.0001 

♦  0.0000 

(  50-ca  cap 

1.2 

i 

0.2 

39.9  t  6.7 

2.0 

♦ 

0.1 

65 

♦ 

7 

0.0001 

*  0.0000 

1  SO-ca  cap  *  polychaacaa 

2.6 

t 

1.8 

36.9  s  1.0 

4.5 

♦ 

2.3 

132 

2 

63 

0.0001 

t  0.0000 

! 

Naw  Havan  C 

an 

Naw  Havan  control 

0.9 

♦ 

0.1 

20.7  i  1.9 

4.1 

♦ 

0.6 

99 

♦ 

31 

2.96  1 

0.17 

S-ca  cap 

0.8 

33.4 

3.7 

63 

2.10  z 

0.27 

i  S-ca  cap  *■  polychaacaa 

0.9 

♦ 

0.2 

26.3  t  4.2 

3.3 

♦ 

0.9 

69 

♦ 

7 

2.82  1 

0.27 

1  SO-ca  cap 

0.9 

♦ 

0.2 

24.5  t  1.9 

2.4 

♦ 

0.5 

58 

♦ 

3 

3.47  1 

0.27 

1  SO-ca  ..ap  *  polychaacaa 

0.7 

♦ 

0.1 

21.1  *  2.2 

2.1 

i 

0.7 

59 

♦ 

6 

2.54  ± 

0.28 

1 

Vlckaburg  Silt 

Cap 

Vlckaburg  ailc  control 

1.2 

♦ 

0.1 

35.4  *  1.4 

2.6 

t 

0.3 

62 

♦ 

1 

2.93  * 

0.59 

S-ca  cap 

1.2 

♦ 

0.2 

46.0  ♦  5.3 

6.0 

♦ 

1.5 

86 

♦ 

15 

3.75  t 

0.49 

S-ca  cap  >  polychaacaa 

2.1 

♦ 

0.4 

46.3  :  1.4* 

2.8 

♦ 

0.8 

66 

♦ 

5 

3.93  1 

1.08 

'  SO-ca  cap 

1.9 

♦ 

0.5 

43.1  i  3.6 

4.8 

♦ 

1.4 

136 

♦ 

67 

3.10  t 

0.85 

SO-ca  cap  >  polychaacaa 

1.3 

♦ 

0.1 

43.6  i  3.9 

4.9 

♦ 

1.0 

74 

♦ 

10 

4.43  1 

0.30 

Black  Rock 

(with  polychaetcs) 


I’ncappad  Sedlmant 
2.5  i  0.9  41.1  ♦  7.3  6.8  i  3.7 


174  i  103  2.19  ♦  0.21 


*  Significantly  (p  <  O.OS)  higher  chan  rcspactlva  cap  aatarial  control. 


Table  11 

PAH  Concentration  In  Ran^ia  Tissue  at  10  Days 
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Significantly  (p  <  0.05)  higher  than  respective  cap  material  control. 
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Significantly  (p  <  0.05)  higher  than  respective  cap  oaterial  control. 
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Significantly  (p  <  0.05)  higher  than  respective  cap  Batcrial  control. 
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Heavy  Metal  Concentrations  In  Neveie  Tissue  Following  40  Days 
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Significantly  (p  <  0.05)  higher  than  respective  cap  material  control. 


Table  16 

PAH  Concentration  In  hereia  Tissue  at  40  Days 
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Significantly  (p  <  0.05)  higher  than  respective  cap  aaterial  control. 
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APPENDIX  A:  TISSUE  AND  WATER  RESULTS 
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Table  A1 

Percent  Lipids  In  Rangia  and  Neveis  Tissue 

Percent  Lipide  in  Indicated  Organism 
Wet  Weight  t  Standard  Error 


Rangia _  Rereis 


Treatment 

iO  Days 

40  Days 

40 

Days 

i 

Sand  Cap 

\ 

1  Sand  cap  control 

0.37  ±  0.07 

0.22 

±  0.01 

1.14 

±  0.27 

5-cm  cap 

0.68  ±  O.IO 

0  26 

t  0.04 

5-cm  cap  +  polychaetes 

0.46  ±  0.11 

0.23 

±  0.10 

0.76 

±  0.16 

J  50-cm  cap 

0.54  ±  0.05 

0.30 

±  0.05 

i 

50-cm  cap  +  polychaetes 

0.55  ±  0.03 

0.20 

±  0.06 

0.83 

±  0.17 

New  Haven  Cap 

1 

1  New  Haven  control 

0.39  ±  0.08 

0.35 

t  0.04 

1.06 

±  0.19 

^  5-cm  cap 

0.39  i  0.04 

0.42 

±  0.07 

•  5-cm  cap  +  polychaetes 

0.42  ±  0.05 

0.42 

±  0.05 

1.03 

±  0.21 

50-cm  cap 

.  0.47  ±  0.02 

0.42 

i  0.00 

50-cm  cap  +  polychaetes 

0.57  t  0.09 

0.40 

t  0.03 

1.20 

t  0.10 

Vicksburg  Silt  Cap 

1 

j  Vicksburg  silt  control 

0.36  t  0.13 

0.35 

i  0.04 

0.86 

±  0.18 

1  5-cm  cap 

0.41  i  0.21 

0.48 

±  0.05 

j  5-cm  cap  +  polychaetes 

0.36  ±  0.05 

0.40 

t  0.07 

0.69 

±  0.15 

1  50-cm  cap 

0.34  +  0.01 

0.37 

t  0.12 

j  50-cm  cap  +  polychaete 

0.22  ±  0.04 

0.42 

±  0.08 

0.69 

±  0.17 

1 

\ 

« 

Uncapped  Dredged  Material 

!  Black  Rock 

0.43  ±  0.08 

0.37 

i  0.03 

1.21 

±  0.15 

(with  polychaetes) 
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Table  A2 

Contaminant  Concentrations  In  Eanpia  at  Time  Zero 


Parameter 

Sand 

Cap 

New  Haven 

Cap 

Vicksburg 
Silt  Cap 

Cd,  ug/g  dry  weight 

2.77  1 

0.82* 

1.21 

0.17 

1.55 

♦  0.14 

Cu,  ug/g  dry  weight 

42.7  t 

5.51 

31.8 

1 

0.76 

53.1 

±  6.34 

Pb,  pg/g  dry  weight 

34.5  ± 

3.79 

3.20 

♦ 

0.14 

13.3 

t  2.33 

Zn,  ug/g  dry  weight 

162  t 

40.5 

67.2 

♦ 

5.99 

95.8 

i  13.6 

Hg,  ug/g  di-y  weight 

<0.02 

1.68 

♦ 

0.06 

2.66 

t  0.47 

Total  PCB,  ug/g  dry  lipid 

57.5  i 

2.38 

7.08 

2.97 

5.67 

±1.96 

Total  PAIl,  ug/g  dry  lipid 

32.0  t 

3.01 

0.36 

0.24 

2.17 

±  0.67 

*  ±  standard  error. 

Table  A3 

Contaminant 

Concentrations  in 

Nereis  at  Time  Zero 

Parameter 

Sand 

Cap 

New  Haven 

Cap 

Vicksburg 
Silt  Cap 

Cd,  ug/g  dry  weight 

0.43  ± 

0.06* 

0.75  ±  0.24 

0.91  ±  0.26 

Cu,  ug/g  dry  weight 

11.3  ± 

0.70 

19.5  ±  0.44 

20.9  ±  0.25 

Pb,  ug/g  dry  weight 

1.53  ± 

0.25 

3.04  ±  0.08 

12.7  ±  5.03 

Zn,  ug/g  dry  weight 

98.1  ± 

19.3 

91.6  ±  5.10 

111  ±  17.8 

Hg.  yg/g  dry  weight 

<0.02 

<0.02 

0.39  ±  0.08 

Total  PCB,  ug/g  dry  lipid 

9.32  ± 

0.95 

3.89  ±  2.60 

9.06  ±  7.63 

Total  PAH,  pg/g  dry  lipid 

3.33  ± 

0.99 

0.83  ±  0.69 

<0.001 

*  ±  standard  error 


Table  A4 


Overlying  Water  Oxygen  Demand  as  a  Function  of  Cap  Depth  and  Cap  Material 


Oxygen  Demand  In  Indicated  Cap  Material 

mg/m*/day  t 

Standard  Deviations 

New 

Vicksburg 

Sand  Over  Diluted 

Cap  Depth,  cm 

Sand 

Haven 

Silt 

Black  Rock 

0 

-90A  t  32 

-90A  +  32 

-90A  +32 

-261  +  3 

2 

-585  i  A2 

-A08  t  13 

-372  ♦  16 

A 

-553  i  61 

ND* 

ND 

6 

-4A3  t  51 

ND 

ND 

8 

-A22  ±  A8 

ND 

ND 

-263  +  A 

10 

-AlO  t  AO 

-A23  +  17 

-300  +  10 

12 

-359  ±  11 

ND 

ND 

lA 

-222  ±  A7 

«»—  - 

ND 

-250  i  11 

18 

-259  t  lA 

-A16  +  11 

-2A8  +  3 

22 

-116  i  12 

ND 

ND 

-165  +  5 

26 

-128  ♦  12 

-A06  +  9 

-283  +  22 

30 

ND 

ND 

ND 

-171  ♦  1 

Cap  material  alone 

-115  i  2 

-A17  +  17 

-2A6  +  A1 

-115  ♦  2 

*  ND  ■  not  determined 

1  • 

Table  A5 

Ammonlum-N 1 t r 0 

gen  Release 

to  the  Overlying  Water  as 

a  Function 

of  Cap  Depth  and  Cap 

Material 

Release  at  Indicated  Cap  Material 

mg/m^/day  + 

Standard  Deviations 

New 

Vicksburg 

Sand  Over  Diluted 

Cap  Depth,  cm 

Sand 

Haven 

Silt 

Black  Rock 

0 

312  ±  39 

312  +  39 

312  ±  39 

222  +  56 

2 

182  ±  20 

259  +  2 

128  +  13 

163  +  26 

A 

137  i  11 

ND* 

ND 

ND 

6 

115  ±  11 

ND 

ND 

ND 

8 

78  +  2 

ND 

ND 

ND 

10 

51  ±  8 

2A8  +  28 

76  +  9 

ND 

12 

27  +  3 

ND 

ND 

ND 

lA 

22  +  9 

ND 

ND 

158  +  16 

18 

25  +  8 

257  +  30 

18  +  18 

ND 

22 

9  +  5 

ND 

ND 

153  +  lA 

26 

2  +  1 

36A  +  15 

10  +  1 

ND 

30 

ND 

ND 

ND 

82  +  21 

Cap  material  alone 

0 

223  ♦  3 

12  +  3 

0 

*  ND  ■  not  determined. 
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